j Abstract Background In the current debate about the categorical or dimensional classification of mental disorders many fruitful methods to illustrate one or the other aspect are employed, and suggestions are made to combine the two perspectives. Methods We present such an approach to combine both perspectives at the same time. Based on psychopathological AMDP-symptom profiles, a map of psychiatric patients was calculated by robust nonmetric multidimensional scaling (NMDS). Results The sample from the Ludwig-Maximilians University in Munich included the records of patients, who were admitted and discharged in 2002 and 2003 with a diagnosis of either paranoid schizophrenia, (F20.00, N = 24), bipolar affective disorder, current episode manic without psychotic symptoms (F31.1, N = 32) or severe depressive episode without psychotic symptoms (F32.2, N = 78). In the resulting map of patients we found a clear categorical distinction according to the diagnostic groups, but also high regression values of AMDP-syndromes (manic syndrome: r = 0.83, depressive syndrome: r = 0.68, and paranoid-hallucinatory syndrome, r = 0.62). Discussion The map of psychiatric patients presents an approach to consider the categorical and dimensional aspects at the same time. We were able to identify meaningful delineations between diagnostic clusters as well as continuous transitions. This method allows the whole psychopathological profile of each individual patient to be considered and also to identify misdiagnosed cases at a glance. 
Introduction
How to characterize psychiatric patients has always been a heavily debated issue. Over the last century, the two classification systems, the diagnostic and statistical manual (DSM) of the American Psychiatric Association (APA) and the international classification of diseases (ICD) of the World Health Organization (WHO), have been established as worldwide standards in this regard. As we move towards the revisions and new versions of these systems, DSM-V and ICD-11, classificatory questions have again become prominent in the research community. One of the main challenges is the currently intensely debated question of categorical or dimensional diagnosis in psychiatry [10, 14, 22, 25, 29, 31, 43, 49] . A categorical diagnosis is achieved by defining the membership of a subject (i.e. a patient) to a category (i.e. a diagnosis) if a given number of diagnostic criteria is met (the polythetic approach). A dimensional diagnosis defines a cut-off point on a continuum of a given factor (i.e. a diagnosis of mental retardation if a subject achieves an IQ of 70 or less). In this debate, many fruitful methods supply both the categorical and the dimensional perspective with convincing lines of argument. To name just a few of the more frequently employed methods, factor analytic and taxometric studies provide findings in various diagnostic groups which speak in favor of a dimensional view [14, 49] . However, findings supporting a categorical view are also reported for various groups of disorders e.g. [35, 48] . More recent studies suggest on the whole that the two perspectives are fundamentally equivalent [24] , like two sides of the same coin [41] , and that both are useful depending on the objectives [29, 31] . Consequently, the focus of the question has shifted from whether it is useful to integrate dimensional aspects to how they can best be implemented in the existing, predominantly categorical, classification systems e.g. [30, 36, 37, 44] . Hence, a method that is able to combine the two perspectives presents an interesting approach in this field of research. Such a method was employed by our research group in an earlier study [17] , which considered both perspectives at the same time by combining them within one analysis. Using nonmetric multidimensional scaling (NMDS) e.g. [8] , we constructed a joint depiction of both aspects. Based on the knowledge of experienced psychiatrists and psychotherapists, we calculated an expert model on the level of mental disorders through NMDS, which was successfully validated in a subsequent study [18] . With regard to current classification questions, the map showed aspects of concordance with the ICD-10 and the DSM-IV as well as indicators supporting critical observations made in this field. For instance, the difficulty of delineating mood and anxiety disorders, which had already been pointed out by Maser and Cloninger [39] over 15 years ago, was well illustrated by the spatial closeness of the corresponding diagnostic clusters in the map. However, while this map provided interesting insights into the professionals' perception of the mental disorders, it did not, of course, allow any conclusions to be drawn about how patients bearing the diagnoses are actually related to each other. To attain this goal, real clinical data are needed, which is the basis of current analysis of our research group. In a first step, we scaled the 140 psychopathological AMDP [2] symptoms of 2,485 patients of the psychiatric hospital of the Ludwig-Maximilians-University in Munich, exhibiting the whole spectrum of mental disorders in a twodimensional NMDS space [34] . The AMDP rating scale covers a broad spectrum of symptoms such as delusions or disturbances of affect and is described in more detail in the methods section. In the resulting map, we were able to verify factors that had been identified previously by factor analysis, and to provide support for the stability of these factors over time. Moreover, these results were complemented with additional insights. For instance, the map offered a plausible explanation as to why the apathy syndrome [4] , which had previously been assumed clinically but had not been empirically identified, could not have been found before. After establishing such a map of psychopathological symptoms, we now describe, in a second step, the construction of a map containing patients. The positions of the patients (i.e. the relational proximities) in the maps are calculated based on the pairwise correlations of their symptom profiles. Since such a map resulting from a nonmetric multidimensional scaling consists in a continuous Euclidian space, no categorical decisions have to be made regarding a patient's membership of one categorical group or another. Rather, the patient can be localized on a continuum. Furthermore, patients can be mapped considering the whole spectrum of psychopathological symptoms without any prior data selection or weighting based on a priori assumptions. The subsequent integration of diagnostic data in the same map clarifies the extent to which the patient exhibits an affiliation with a given diagnostic category based on the characteristics of the symptom profile, or whether the patient stands between the categories, exhibiting equally pronounced symptoms of multiple diagnostic categories. Similar approaches were already being pursued over 30 years ago. By combining several multivariate methods of analysis and based on symptom data, conceptual profiles of psychiatrists regarding phenomenological subtypes were compared to empirically derived profiles and were found to correspond [40] . Another approach based on symptom profiles originating in that period [50, 51] is the grade of membership model, which is still used today e.g. [16] . This approach has the important advantage that patients can be characterized as simultaneously and partially belonging to more than one diagnostic class expressed by a weighted linear combination of profiles of symptoms. This was an important contribution to model a ''continuum of psychopathological symptoms where no clear boundaries can be drawn and 'entities' are artificially designated'' [38] . The current study presents an approach to build a continuous space of patients based on their symptom characteristics. This allows each case to be individually positioned and visualized in relation to every other case without a priori defining or empirically deriving categorical entities or prototypes.
Methods j Sample
The sample consists of patients who were hospitalized at the psychiatric hospital of the Ludwig-Maximilians-University, Munich. It included the records of patients who were admitted and discharged between 1 January 2002 and 31 December 2003 with a diagnosis of either paranoid schizophrenia (F20.00, N = 24), bipolar affective disorder, current episode manic without psychotic symptoms (F31.1, N = 32) or severe depressive episode without psychotic symptoms (F32.2, N = 78). The diagnostic group of patients with severe depression was chosen since this entity by definition exhibits the most depressive symptoms and can therefore be seen as prototypical.
j Clinical data
In this study, the AMDP admission records were analyzed, which are routinely collected one to four days after inpatient admission. All included patients gave informed consent to be assessed using this instrument. The AMDP system is an operationalized documentation system for psychopathology conceived for a broad clinical use [6] and covering a large spectrum of 100 psychopathological and 40 somatic symptoms. The symptom spectrum comprises disorders of consciousness, disturbances of attention and memory, formal disorders of thought, phobias and compulsions, delusions, disorders of perception, disorders of ego, disturbances of affect, disorders of drive and psychomotility, circadian disturbances, other disturbances, disturbances of sleep and vigilance, appetite disturbances, gastrointestinal disturbances, cardiac-respiratory disturbances, other autonomic disturbances, and other somatic disturbances. The AMDP originated from the translation of the traditional psychopathology according to Jaspers [27] , Schneider [47] , and others into a modern, standardized observer rating scale, including operationalized criteria and definitions. It is the most widely used and best known psychiatric documentation system in the German-speaking area [35] and was developed by the German-Swiss-Austrian ''Association for Methodology and Documentation in Psychiatry'' (Arbeitsgemeinschaft für Methodik und Dokumentation in der Psychiatrie) [2] . Moreover, the AMDP system has also been translated into many other languages [21] , and has been used in various international studies e.g. [12, 13, 26, 45, 46] . Reliability and validity is reported to be good to very good and the AMDP can be considered a well established test based on a multitude of empirical studies [3] . Symptom items are rated by clinicians from 0 (symptom not present) to 1 (mild), 2 (moderate), and 3 (severe). In this study, the psychopathological status (symptoms 1-100) and the somatic status (symptoms 101-140) were considered for further analysis.
j Statistical analyses
The maps of the patients were calculated by nonmetric multidimensional scaling (NMDS) based on the AMDP symptom profiles. First, the profiles between each pair of patients were converted into a proximity coefficient. Since the nature of the data strongly influences the choice of a coefficient [20] , and based on our experience stemming from the construction of the maps of the symptoms [34] , we evaluated difference and correlation measures as proximity coefficients. While a difference measure more strongly accounts for differences in the levels of symptom profiles (i.e. the illness severity), the differences of the levels are less pronounced in a correlation measure. For the present data, which are characterized mainly by qualitative differences (diagnostically different groups), a Spearman correlation proved to be the most appropriate coefficient. Due to the ranking of the data involved in a Spearman correlation in combination with the specific data distributions of the current sample (most observations are ''0'' = not present), this coefficient visualizes qualitative differences more clearly than a Pearson coefficient. The proximity coefficients were then translated by the robust NMDS algorithm RobuScal [33] into a two-dimensional space. NMDS iteratively approximates an n-dimensional solution to maximally correspond to the given proximities on an ordinal level. Hence, a small distance between two objects in an NMDS space corresponds to a large similarity of these two objects in the proximity matrix and vice versa. A scree test can be employed to identify the optimal compromise between a minimal dimensionality and a maximal congruence between the similarities given by the proximity matrix and the distances given by the configuration in the n-dimensional space. To integrate the dimensional expression of the severity in the maps, the AMDP sum scores were calculated for every patient in total and separately for each syndrome identified by Baumann and Stieglitz [4] . These external scales were then fitted using multiple regressions e.g. [8] into the NMDS maps. All statistics were computed using SPSS for Windows, Microsoft Excel and ProDaX.
Results
A scree test [11] , adopted for multidimensional scaling by Kruskal and Wish [32] , showed no substantial diminution of the standardized stress values in higher than two-dimensional spaces, which is why the two-dimensional solution was chosen. The stress value is a measure that expresses the extent of the misrepresentations of the proximities in relation to their representations as distances depicted in the n-dimensional NMDS solution. This solution, i.e. the map of the patients, is presented in Fig. 1 . According to the literature [8] and the more conservative limits of our own research group, the stress value of 0.22 speaks for a good interpretability of the map. The cases diagnosed with schizophrenia (F20.00) are depicted as black circles, the cases diagnosed with bipolar affective disorder, current episode manic without psychotic symptoms (F31.1) as white squares and the cases diagnosed with severe depressive episode without psychotic symptoms (F32.2) as grey squares. The closer two representations of patients are (i.e. circles or squares), the more similar their symptomatology, i.e. the larger the covariance of their symptom profiles, which was expressed as a high Spearman correlation coefficient. The diagnoses were matched with the cases only after the map was calculated based on the symptom profiles. In the map, three major clusters are evident: One ''depressive'' cluster in the upper left corner, one ''manic'' cluster in the upper right corner and one less clearly separated ''schizophrenic'' cluster at the bottom middle. Some cases can be observed as lying between or at the borders of the clusters, such as F32.2_112 and F32.2_120 at the border of the depressive and oriented towards the manic cluster, F31.1_29 and F31.1_41 between the manic and schizophrenic clusters, or F20.00_9 and F32.2_80 between the schizophrenic and depressive clusters. Furthermore, some cases seem to be misplaced and emerge in clusters where they do not seem to belong: the manic cases F31.1_31 and F31.1_55 and the schizophrenic cases F20.00_8, F20.00_12, F20.00_20, and F20.00_22 in the depressive cluster, the depressive case F32.2_96 in the manic cluster and the depressive case F32.2_86 in the schizophrenic cluster. Some of these cases lying at the intersections and in the ''wrong'' clusters are described and interpreted in detail as examples in the discussion section. To clarify which symptoms were associated with which diagnostic entity, the ICD-10 criteria for research [15] were consulted: Based on the diagnostic criteria, the corresponding AMDP symp-toms were determined. This resulted in a group of symptoms that were associated with schizophrenia, a group of symptoms that were associated with depression, and a group of symptoms that were associated with mania. Hence, it was possible to express for each patient the percentage of symptoms actually exhibited in relation to all potentially observable symptoms within a diagnostic entity (e.g. a given schizo-manic case might exhibit 50% schizophrenic, 50% manic, and 0% depressive symptoms). Of course, this approach is a simplification, since there are symptoms that can be attributed to more than one diagnostic entity at the same time. Here, only the symptoms that could be attributed unambiguously to a diagnostic entity were considered.
It should be mentioned in this regard that the procedure mainly served as a rough indication of the appropriateness of the position of the patients in the map based on their symptom characteristics in relation to the diagnostic clusters.
In Fig. 2 , the same patient map is presented as in Fig. 1 , but this time including the AMDP symptom score dimensions. Since they were fitted into the map by multiple regressions, the expectations for the regression values were higher, which is why only the dimensions exhibiting an r ‡ 0.60 are depicted in the map. Consequently, three dimensions are shown, the dimension based on the AMDP sum scores for the manic syndrome (MA, r = 0.83), the dimension based on the AMDP sum scores for the depressive syndrome Fig. 1 Map of patients including the cases diagnosed with schizophrenia (F20.00 black circles), bipolar affective disorder, current episode manic without psychotic symptoms (F31.1 white squares) and severe depressive episode without psychotic symptoms (F32.2 grey squares). Stress value = 0.22. The labels next to the dots and squares, representing the positions of the patients, denote the ICD-10 diagnostic F-codes (before the underscore) and the patient IDs (after the underscore) (DE, r = 0.68), and the dimension based on the AMDP sum scores for the paranoid-hallucinatory syndrome (PH, r = 0.62). The closer an orthogonal projection of a patient is located on a given dimension, the larger the sum score of this patient on the corresponding AMDP syndrome scale. The dimensions intersect in the center of gravity of the configuration. Figure 1 depicts the map of the patients, which was calculated based on the similarity of their AMDP symptom profiles. At first glance, it is evident that the map is constituted by three main cluster structures. In the upper right corner, the mania cluster is the one that is most clearly separated from the other two clusters. The depression cluster in the upper left is still quite clearly confined, but shows a clearer tendency to scatter in the direction of the schizophrenia cluster, which is located at the bottom middle. This cluster can still be identified as being separate from the other two, but shows a strong tendency to blend with the depression cluster. Looking at the arrangement of the diagnostic clusters, it has to be kept in mind that the map was calculated based only on the correlations of the symptom profiles without any diagnostic information. Only after the positions of the cases had been determined were the diagnoses applied. Against this background, it can be concluded that these three diagnostic entities can be clearly separated from each other only based on their psychopathological symptomatology. The separation of the depressive and the manic cluster given by their positions at the opposed poles of the affective continuum e.g. [23] is clearly reflected in this map. The gap without any cases between these clusters indicates that although the diagnostic entities lie on a continuum, the cases lying at the poles can be separated from each other in a categorical sense. It can be expected that the continuum would have emerged more prominently if we would have chosen patients with a diagnosis of bipolar disorder with hypomanic episodes instead of manic episodes cf. [5] . Blashfield [7] had already mentioned that clearly delimited clusters and zones of rarity between the clusters can be interpreted as an indicator for a categorical classification and vice versa. In light of this statement, the depressive and schizophrenic clusters do not seem to be as clearly separated from each other as the depressive and manic clusters. In the former case, no clear-cut gap between the clusters can be observed.
Discussion
The area between the depressive and the schizophrenic clusters could indeed be described as a ''zone Fig. 2 Identical map of patients to Fig. 1, additionally including the symptom score dimensions (MA manic syndrome, r = 0.83; DE depressive syndrome, r = 0.68; PH paranoid-hallucinatory syndrome, r = 0.62) of rarity'', but there are a number of cases that are located in the intersection. Such observations are reflected in the research literature as findings reporting that these diagnostic categories cannot be separated neatly [28] , that no substantial discontinuity was apparent [42] , or even that a separate depressive dimension could be identified in schizophrenic patients [9] . A closer look at the cases in the schizophrenic-depressive intersection reveals that these patients exhibit pronounced depressive as well as schizophrenic symptoms. For instance, the depressive case F32.2_80 exhibits 57% depressive symptoms of the total symptom score obtained on either depressive, schizophrenic or manic symptoms, and 24% schizophrenic symptoms (and 19% manic symptoms). Case F20.00_9 exhibits 54% schizophrenic, 36% depressive and 11% manic symptoms. Of course, the covariance of other symptoms not included in these three groups (manic, depressive, schizophrenic) also contributed to the position of these cases. Nevertheless, this examination of the percentage sum scores illustrates that although these patients show a prevalence of their symptoms in the diagnostic entities in which they are diagnosed, they also exhibit a significant amount of symptoms of the other diagnostic entity, which is well reflected in their position between the diagnostic clusters in the map. Another illustrative example to highlight this observation is case F32.2_112, with 50% depressive and 50% manic symptoms, which is located at the border of the depressive cluster oriented towards the manic cluster. The cases F20.00_12, F31.1_31 and F32.2_96 illustrate that their position within another diagnostic cluster is not so ''wrong'' if one takes a closer look at their symptom profile. F20.00_12 exhibits 89% depressive and only 11% schizophrenic symptoms, F31.1_31 exhibits 72% depressive, 11% schizophrenic and 17% manic symptoms, and case F32.2_96 exhibits 6% depressive, 78% manic and 17% schizophrenic symptoms. It is evident that based on the symptom characteristics these cases are not misplaced but are rather misdiagnosed (at least with regard to the predominant symptomatology). A cross-check with the patient charts corroborated this conclusion. These few singled-out examples clarify some of the main advantages of these maps: In the continuous NMDS maps, cases can be located in differentiated distances to each other and do not have to be separated into one categorical pigeonhole or another, where no inbetween exists. This shortcoming of the current classification systems is one of the reasons why an increasing number of diagnostic categories keep being introduced. In turn, this results (among other consequences) in the prominent problem of numerous diagnostic co-occurrences, i.e. comorbid diagnoses [19, 24] . The integration of the categorical and the dimensional perspective by depicting categorical aspects as separated clusters in a continuous or dimensional space allows a statement to be made about the membership of a given patient to a diagnostic entity, without sacrificing the illustration of a variable strength of association with multiple entities. This is quite similar to a grade of membership approach, where the grade of membership score describes the degree of an individual's belonging to an empirically derived prototype. Also similar to this approach, if there is a substantial number of patients exhibiting a similar symptom profile, an NMDS allows new (not a priori specified) diagnostic entities to be discovered (such a diagnostic entity would emerge in a map as a ''neighborhood'' of patients exhibiting a similar symptom profile).
The possibility of interpreting the positions of specific cases lying at the boarders of diagnostic clusters or in between clusters with regard to their symptom characteristics already highlights the power of this method in terms of dimensional aspects. This advantage is even more pronounced by the integration of the syndrome dimensions in the map of the patients presented in Fig. 2 . All AMDP syndromes (paranoidhallucinatory, depressive, psychoorganic, manic, hostility, autonomic, apathy, obsessive-compulsive, neurological) identified by Baumann and Stieglitz [4] were included in the multiple regressions, but only the ones with an r ‡ 0.60 were depicted in the map. As one would expect, especially the three dimensions based on the symptom scores of the manic, the depressive, and the paranoid-hallucinatory syndromes showed such substantially high regression values in this map of manic, depressive and schizophrenic patients. The directions of the dimensions indicate that cases with a more severe, i.e. a higher, symptom score of a syndrome are located in the clusters of the corresponding diagnostic categories. The larger an angle between two given dimensions, the more independent the dimensions are from each other. Keeping this in mind, the above-mentioned stronger separation of the manic cluster from the other two clusters becomes apparent again. The rather acute angle between the depressive and the paranoid-hallucinatory dimensions, i.e. syndromes, indicates that these syndromes are not independent with regard to the diagnostic groups of patients with depression and schizophrenia.
As indicated in the introduction, current research on the classification of the mental disorders calls for methods that facilitate the integration of dimensional aspects in classification systems in general [30, 37, 44] and in the field of mood and psychotic disorders in particular [42] . Taking together the arguments mentioned above, the method presented here might offer an interesting perspective for such integration. Another advantage of this robust approach can be seen in the ability to consider the whole spectrum of symptoms without having to rely on a priori assumptions in terms of reducing or weighing any symptoms. Thus, the whole symptomatology of a patient can be included and the relations to all other cases in the sample can be analyzed and depicted. In the resulting map, every patient can be located and is not lost within a group score of a sub-sample. As demonstrated above, this allows misdiagnoses in terms of symptomatology to be identified at just one glance. This paper illustrated a method to depict patients in a map according to the similarity of their psychopathological symptom profiles and highlighted some of the advantages of such an approach. Of course, the localization of the patients is restricted to their symptomatology, but since clinical symptoms constitute a predominant proportion of the criteria of the major current classification systems, these maps might be of considerable value for researchers as well as clinicians in order to gain a quick overview of their patients. The focus on the symptomatology and the depiction of the individuals in relation to each other can also be seen as a step in the direction of the recently claimed re-emphasis [1] on phenomenological aspects and the singularity of an individual patient.
The presented study is the first of its kind, so limitations are to be seen in the following aspects: Based on the current selection of diagnostic groups and without further research, we can not be sure that the separation will achieve comparable optimal results in other diagnostic areas. Additionally, the AMDP does not differentiate at the same level of detail in all areas of psychopathology. Therefore, this statistical analysis should also be applied to other diagnostic rating scales. Finally, the validity of the data set is strongly depending on the quality of the clinical ratings. The latter aspect sounds trivial but has to be taken into account: Especially when time resources are limited and hours spent for diagnosis are not available for treatment any longer, ways are to be found to improve the motivation for sound and correct application of diagnostic manuals. Immediate feedback of the diagnosis resulting from the just performed manual could be intuitively provided by maps like the one presented in this paper, simply by adding a point for the current patient at the resulting position. Such immediate feedback could help to improve data quality and, at the same time, support the diagnostic process. However, as mentioned above, this would require a system of maps covering all fields of psychopathology so that the presented study can only be seen as the first and initial step towards an ''AMDP based atlas of mental disorders''. j Acknowledgments This study was supported by a grant from the Swiss National Science Foundation (fellowship, project no. 117011).
